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Plan:

Photoelectron escape depth

Surface states in strongly correlated materials

BISCO samples

Anomalies in the QP dispersions

“Surface States” in BISCO?



Photoemission is a surface sensitive techniquePhotoemission is a surface sensitive technique

M.P. Seah & W.A. Dench,
Surf. Interface Anal. 1 (1979) BISCO sample



How to search for the surface states?How to search for the surface states?

They do not disperse with k⊥
(doesn't help: HTSC are 2-D)

Surface impurities usually
kill them right away



Surface States have been found at:Surface States have been found at:

YBa2Co3O7-δ: Sr2RuO4:
A. Damascelli et al.
PRL 85, 5194 (2000)

D.H. Lu et al.,
PRL 86, 4370 (2001)



M.R. Norman et al.,
PRB 59, 11191 (1999)

Photoelectron escape depth in BISCO is ~3Photoelectron escape depth in BISCO is ~3ÅÅ



Y.S. Luo, Y.N. Yang,
and J.H. Weaver,
PRB 46, 1114 (1992)

Even chemically passive Ag and Au atoms proved
to be deadly for the surface BiO layer of BISCO:

Could surface impurities help? Could surface impurities help? 

BiO transforms into Bi2O3



Altering surface properties of BISCO: Few clues from the classicAltering surface properties of BISCO: Few clues from the classics paperss papers

Gap size vs. TimeZ.-X. Shen et al.,
PRL 70, 1553 (1993)

H. Ding et al.,
PRB 1333 (1994)



I. Vobornik et al.,
Physica C 317-318, 589 (1999)

R.J. Kelly et al., PRB 50, 590 (1994)

Additional clues? Additional clues? 

Gap along the “gap node”
in over-doped BISCO

Non-zero gap along three
major directions,including
the “gap node”



?

Kink at
80 meV

Steady look at Steady look at ((ππ--ππ)) dispersions helps to see interesting thingsdispersions helps to see interesting things

P.V. Bogdanov et al.,
PRL 85, 2581 (2000)

Low energy feature is everywhere ⇒



A. Kaminski et al.,
PRL 86, 1071 (2001)

P.D. Johnson et al.,
PRL 87, 177007 (2001)
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M.R. Norman et al.,
PRB 64, 184508 (2001) 

A.D. Gromko et al., Cond-mat/0205329

Presence of the Gap can alter dispersion derived from MDC Presence of the Gap can alter dispersion derived from MDC 

In BISCO effect is very
clear at (π;0) points



Experiment:Experiment:

ARPES
Scienta SES-200
He-I radiation, 21.2 eV
∆E=20 meV
≤3×10-11 Torr
Optimally doped BISCO
TC=91 K
T=26 K
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A. Kaminski et al.,

Dispersion along the “gap node” at 26 KDispersion along the “gap node” at 26 K

MDC at EF
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black dots: clean sample
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red dots: sample exposed to Xe
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Changes are not really consistent with the 
broadening of the spectral function expected in a 

simple model of el.-phonon coupling

S. LaShell, E. Jensen, and T. Balasubramanian,
PRB 61, 2371 (2000)
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Yet another unexpected result:
leading edge shifts by 7meV

∆E= 7 meV

Binding Energy (meV)

Spectra measured precisely at kF
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Red line is a fit to 50 meV wide Lorentzian exactly at the Fermi energy



 

  

  

  

  

  

 

  

Energy (meV):

Electron Momentum (Å-1)
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A. Yamamoto et al.,
PRB 42, 4228 (1990)

R.L. Withers et al.,
J. Phys. C 21, L417(1988)

Making Good out of EvilMaking Good out of Evil

Intensity of the umklapp band shows 
non-monotonic behavior with energy

I.

II.
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Zooming in the kinksZooming in the kinks
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Implications & SpeculationsImplications & Speculations

Scenario A:Scenario A:
alignment along

Cu-Cu bond is OK

Scenario B:Scenario B:
it is not

OK

In any case we are dealing with the state which is sensitive to 
the surface conditions, i.e. a surface state


